The effects of aniso-osmotically and amino-acid-induced cell-volume changes on bile flow and biliary taurocholate excretion were studied in isolated perfused rat liver. With taurocholate (100 /zM) in the influent perfusate, hypo-osmotic exposure (225 mosmol/l) increased taurocholate excretion into bile and bile flow by 42 and 27 % respectively, whereas inhibition by 32 and 47 % respectively was observed after hyperosmotic (385 mosmol/l) exposure. The effects of anisoosmoticity on taurocholate excretion into bile was observed throughout aniso-osmotic exposure, even after completion of volume-regulatory ion fluxes and were fully reversible upon re-exposure to normo-osmotic media. Hypo-osmotic cell swelling (225 mosmol/l) increased the Vm.ax of taurocholate translocation from the sinusoidal compartment into bile about 2-fold. Also, cell swelling induced by glutamine and glycine stimulated both bile flow and biliary taurocholate excretion. There was a close relationship between the aniso-osmotically and amino-acid-induced change of cell volume and taurocholate excretion into bile. The data suggest that liver cell volume plays an important role in regulating bile-aciddependent bile flow and biliary taurocholate excretion.
INTRODUCTION
Liver cell-volume changes were recently identified as an important modulator of metabolic liver cell function and several long-known, but mechanistically unclear, hormone and amino acid effects on hepatic metabolism were recently explained by hormone-and amino-acid-induced cell-volume changes (for a review, see [1] ). For example, cell swelling induced either by insulin, amino acids or hypo-osmotic exposure inhibits hepatic proteolysis, whereas glucagon-and hyperosmolarity-induced cell shrinkage stimulate protein degradation [2] . Nothing is known about the relationship between liver cell volume and bile formation. Studies on hyperosmotic stress in perfused rat liver by increasing the perfusate osmolarity by adding sucrose or mannitol showed a decrease of bile flow; these effects, however, were dependent on the sugar under investigation [3] . Here we report on the effect of aniso-osmotically and amino-acid-induced cellvolume changes on biliary taurocholate excretion and bile flow.
MATERIALS AND METHODS

Liver perfusion
Livers from male Wistar rats (200-300 g body wt.), fed ad libitum on stock diet (Altromin), were perfused as described previously [4] The perfusate was gassed with 02/CO2 (19: 1); the temperature was 37 'C. The perfusate osmolarity was 305 mosmol/l in normoosomotic perfusions. Aniso-osmotic perfusion conditions were achieved by corresponding changes in the NaCl concentration of the influent.
Determinations
Bile was collected at 1 min intervals into preweighed vessels, and bile flow was determined by gravimetry, using a specific mass of 1 g/ml. Taurocholate excretion into bile was assessed by liquid-scintillation spectrometry of the 3H radioactivity present in bile and on the basis of the specific radioactivity of [3H]-taurocholate in the influent perfusate.
The effluent K+ concentration was continuously monitored with a K+-sensitive electrode (Radiometer, Munich, Germany).
The intracellular water space ofperfused livers was determined as described recently in detail [5] [6] , which was accompanied by a stimulation of bile flow and taurocholate excretion (Fig. 1 -30
r -40 Fig. 3 . Relationship between cell-volume changes and taurocholate excretion into bile under the influence of aniso-osmotic exposure, glutamine and glycine In all experiments the influent perfusate contained taurocholate at a concentration of 100 uM. Taurocholate excretion into bile in the absence of amino acids and during normo-osmotic perfusion was set to 100% in the individual perfusion experiment, and the effects of aniso-osmoticity or amino acids were determined as the percentage change thereof. Cell-volume changes were determined as changes in the intracellular water space as described recently [5] ; for further details, see the text. In normo-osmotic control perfusions the intracellular water space was 548 + 10 l/g (n = 44) [5] . Means excretion in liver (for reviews, see [9, 10] ). The finding that hypoosmotic cell swelling increases the V.max for taurocholate excretion into bile therefore suggests that cell swelling also increases canalicular secretion. Canalicular taurocholate transport appears to be ATP-dependent [8] ; however, hypo-osmotic cell swelling was shown not to alter the tissue ATP levels [14] . One explanation for the hypo-osmolarity-induced stimulation of taurocholate excretion into bile could be that cell swelling increases the number of active transporters in the canalicular membrane. Alterations in tight-junctional permeability, which could theoretically affect taurocholate regurgitation from the canalicular into the sinusoidal space, probably do not explain our findings, because it was recently shown that vasopressin-induced increases in tight-junctional permeability did not affect taurodehydrocholate excretion into bile or bile flow [15] . Fig. 2 ). These effects were fully reversible upon withdrawal of the amino acids from the influent perfusate (Fig. 3) . Similarly, bile flow and biliary taurocholate excretion was stimulated by addition of glutamine (1 mm or 3 mM) or glycine (2 mM) alone (results not shown).
Relationship between taurocholate excretion and cell volume Aniso-osmotic exposure, glutamine and glycine lead to persistent alterations of liver cell volume; this effect on the intracellular water space, i.e. cell volume in perfused rat liver, were recently quantified by use of a [3Hjinulin/[14C]urea-wash-out technique [5] . When the effects of aniso-osmoticity and amino acids on liver cell volume were related to their effect on biliary taurocholate excretion, a close relationship between both parameters was observed (Fig. 3) : cell swelling stimulates taurocholate excretion into bile, whereas cell shrinkage inhibits it, regardless of whether cell volume is modified by aniso-osmoticity or amino acids. It should be mentioned that the cell-volume changes under the influence of amino acids and aniso-osmoticity were determined as a change in the intracellular water space in liverperfusion experiments without taurocholate in the influent. This is justified, because we could show in separate experiments that the presence of taurocholate (100 /M) had no effect on the degree of cell-volume change exerted by hypo-(225 mosmol/l) or hyperosmotic (385 mosmol/l) exposure.
Taken together, the findings suggest that liver cell-volume changes are an important determinant for bile acid excretion and bile flow (Fig. 3) 
